Abstract The clinical impact of lymph node dissection extent remains undetermined in the contemporary setting, as reflected in care pattern variations. Despite some series demonstrating a direct relationship between number of lymph nodes identified and detection of nodal involvement, the correlation between lymph node yield and disease control or survival outcomes remains unclear. Patients with clinically localized prostate cancer, pre-RP PSA <30, and pT2-3a/N0 disease at RP were retrospectively identified from two databases for inclusion. Those who received pre-or post-RP radiotherapy or hormone therapy were excluded. Kaplan-Meier method was employed for survival probability estimation. Cox regression models were used to assess bRFS differences between subsets. From 2002 to 2010, 667 eligible patients were identified. The median age was 61 yrs. (range, 43-76), with median PSA 5.6 ng/dL (0.9-28.0). At RP, most patients had pT2c (64%) disease with Gleason Score (GS) ≤6 (43%) or 7 (48%); 218 (33%) patients had positive margins (M+). At median clinical and PSA follow-up of 96 and 87 months, respectively, 146 patients (22%) experienced PSA failure with an estimated bRFS of 81%/76% at 5/8 years. For patients who underwent LND, univariable analysis identified PSA (at diagnosis), higher GS (≥7, at biopsy or RP), intermediate/high risk stratification, M+ as adversely associated with bRFS (all p < 0.01). A higher number of LNs excised was not associated with improved bRFS for the entire cohort (HR = 0.97, p = 0.27), nor for any clinical risk stratum, biopsy GS, or RP GS subgroup. This study did not demonstrate an association between LN yield and bRFS in patients with clinically localized pT2-3a/pN0 prostate cancer managed with RP alone, either in the entire population or with substratification by clinical risk stratum or GS.
Introduction
Prostate cancer is the second most prevalent cancer in men worldwide with approximately 1.1 million new cases diagnosed each year [1] . Since introduction of PSA screening, the incidence of early stage prostate cancer has increased, resulting in a higher number of curative-intent interventions, including radical prostatectomy (RP) [2] . However, the clinical impact of limited versus extended lymph node dissection (LND) remains undetermined in the contemporary setting, as reflected in variations of pattern of care [3] . Despite extended LND series demonstrating a direct relationship between number of lymph nodes identified (LN yield) and detection of LN involvement [4, 5] , the correlation between LND and disease control or survival outcomes remains unclear, with retrospective studies presenting inconsistent results [6] [7] [8] . Further, these studies have included heterogeneous populations of patients, including those with clinically locally advanced disease, very high PSA levels, clinically-evident LN involvement, and pathologically involved LNs, often with confounding pre-or post-RP treatments such as hormone and/or radiotherapy. The present study seeks to determine whether a correlation exists between bRFS and either performance of LND or number of LNs excised in the setting of clinically localized prostate cancer with pT2-3a disease at RP.
Methods
Study Cohort Following IRB approval at the study institutions, patients who underwent curative-intent RP for clinically organ-confined prostate adenocarcinoma from 2002 to 2010 were identified. The following criteria were used for exclusion: clinical or pathologic lymph node or seminal vesicle involvement, pre-prostatectomy PSA >30 ng/dL, incomplete surgical records, missing pathological data, less than 12 months of post-RP PSA follow-up, and patients who received pre-or post-operative radiation therapy, chemotherapy or hormone therapy.
Treatment, Pathologic Evaluation and Follow-up All patients underwent RP with extent of LN dissection at the discretion of the managing urologist. All pathological specimens were prepared and reviewed in accordance with standard techniques [9] . Information regarding pathologic staging, margin involvement, and number of lymph nodes sampled was obtained from pathology reports. Surveillance included clinical assessment with PSA at least every 3 to 6 months for the first two years post-RP, then every 6 to 12 months through 5 years and annually thereafter.
Endpoints and Statistical Analysis
The primary endpoint of this investigation was biochemical relapse free survival (bRFS) which was defined as the time from RP to PSA failure date or last follow-up if disease free. PSA failure date was recorded as the initial date of two consecutive PSA elevations greater than 0.1 ng/ml of the recorded initial value after RP. The Kaplan-Meier method was used to construct survival curves for bRFS. Estimates of bRFS and OS along with 95% pointwise confidence intervals were reported. To adjust for potential selection bias, an inverse probability score weighted Cox regression model was fit to evaluate bRFS differences by receipt of nodal excision. Propensity scores were derived from a model adjusting for patient age at diagnosis, overall Gleason score at biopsy, clinical risk stratum, and pre-RP PSA. Among nodal excision patients, Cox regression models were used to assess whether the effect of nodal yield on bRFS varied by clinical risk stratum (low/intermediate/ high, as per D'Amico criteria [10] ) or overall Gleason score of initial biopsy and RP specimen. A sensitivity analysis was performed with and without a potential statistical outlier for number of nodes excised (33); this value was excluded. All statistical testing was two-sided and assessed for significance at the 5% level using SAS v9.4 (SAS Institute, Cary, NC).
Results
Study Population Demographics Between 2002 and 2010, 1009 patients underwent RP, of whom 667 were eligible for the present analysis. The median age was 61 (range, 43-76), and median PSA was 5.6 ng/dL (0.9-28.0). The majority of men had Gleason score ≤ 7 at biopsy (91%). Of the 667 patients who underwent RP, 444 (67%) had pelvic LNs excised, of whom 393 had a specific number of LNs recorded. A median of 5 LNs were identified at specimen analysis (range, 1-33), with 83 patients (21%) having ≥10 LNs identified in the specimen. When evaluated by clinical factors, 9 of 45 patients (20%) with biopsy Gleason score ≥ 8 had 10 or more lymph nodes excised, as compared with 28/201 (14%) and 46/421 (11%) for Gleason 7 and ≤6, respectively. At RP specimen analysis, these rates were 8/59 (14%), 40/321 (12%), and 35/ 287 (12%) for final pathologic Gleason scores ≥8, 7, and ≤6, respectively. Approximately one-third of patients had positive surgical margins (n = 218/667; 33%). Complete study population data are described in Table 1 . Performance of Lymph Node Dissection Association with bRFS Univariable analysis identified higher Gleason score at biopsy, higher clinical risk stratum, higher PSA, and performance of LND as associated with worse bRFS (all p < 0.01). Owing to concern that LND performance was biased toward higher risk cases, a second analysis was performed, adjusting for these factors; however, patients undergoing some extent of LN removal remained at increased risk of biochemical relapse (HR = 1.52, 95% CI 1.25-1.85, p < 0.01), potentially reflecting other unmeasured variables.
General Population Outcomes
Lymph Node Yield and bRFS For patients who underwent LND and had the number of LNs recorded, univariable results identified Gleason score at biopsy and prostatectomy, clinical risk stratum, margin status, and pre-RP PSA as associated with bRFS; the number of LNs excised was not associated with bRFS (Table 2) . No relationship was observed between lymph node yield and bRFS. A secondary analysis was performed to identify a subgroup for whom an interaction was observed. When stratified by Gleason score at biopsy, Cox regression hazard ratios were not able to demonstrate a relationship between bRFS and number of excised LNs as a continuous variable (Table 3) . 
Discussion
Series of extended pelvic LN dissection have demonstrated correlations between higher LN yield and improved bRFS [11] , as well as cancer-specific survival [12] ; however, the most common practice pattern in the United States remains local or regional LN sampling [13, 14] . As such, we sought to determine whether the LN yield would remain correlative with bRFS in this setting, as generalizable data are needed for guidance of therapeutic decision-making in this area. In this study, we were unable to demonstrate an association between LN yield and bRFS in the context of lower-risk (pT2-3a / pN0) disease at RP with variable extent LND, either in the overall population or in pre-RP Gleason score subgroups. These findings are supported by others, including a large database series evaluating 5-year bRFS outcomes for patients who underwent limited LND versus no LND [15] . Of the 4693 patients in the CaPSURE database, in which a mean of 5.8 LNs were identified (range 0 to 71), no differences in bRFS were noted by either clinical risk stratification or by dichotomization of <9 versus ≥10 LNs removed. Despite limitations of treatment heterogeneity (inclusion of patients receiving hormone therapy and/or radiotherapy) and inclusion of patients with LN involvement (2% of total), these results generally align with the present study. A second large, multi-institutional retrospective series reported by Kluth et al. described findings very similar to ours [8] . In a population of 6540 eligible pN0 patients (with median 6 LNs removed) who underwent RP between 2000 and 2011, a higher number of LNs removed correlated with worse bRFS at univariable analysis. Noting that LN yield was directly related to higher pre-RP PSA and Gleason score, a multivariable analysis ultimately determined that none of the study nodal stratifications (≥6, ≥10, or ≥20) was associated with bRFS. The findings of this retrospective study are most applicable to the current investigation, as patients with high pre-RP PSA (defined as >50 ng/mL), positive LNs and pre-or post-RP hormone therapy were excluded, though a small number of patients who received adjuvant radiotherapy were included (n = 164; 2.5%). The primary weakness of the study was the short follow-up (median 21 months), which limits determination of the true impact of LN yield over time. In this way, the presented study builds upon the findings of Kluth et al., demonstrating that long-term bRFS remains independent of nodal yield in the setting of pN0 disease.
The present study did not demonstrate correlation between LN yield and bRFS, which is supported by a single-institution study reported by investigators at Columbia University [16] . In a population of 964 patients with median LN yield of 7 and median follow-up 59 months, LN yield (measured in 5 subgroups) was not correlated with bRFS, even after correction into low-and high-risk subgroups (by clinicopathologic factors). However, these data conflict with other reports, which have correlated higher LN yield as independently associated with bRFS, attributed primarily to increased identification of LN involvement [4, 17] . The reasons for this discordance may be generally divided into two primary issues: 1) selection biases, in both physician practice and study population, and 2) limitations of detection.
With respect to selection bias, the impact of clinical factors (e.g., higher PSA and/or Gleason score) likely influences the extent of lymph node dissection a surgeon elects to perform as studies have shown that extended LND for intermediate-high risk disease yields higher rates of LN involvement [3, 17, 18] . This finding was observed within the present study, with stepwise higher nodal yields in higher Gleason score patients, and likely contributed to the correlation between higher LN yield and increased risk of recurrence in the Gleason 8-10 subset (Table 3) . Further, whereas prior series have included patients with a wide variety of presenting clinical factors and pathologic findings (e.g., seminal vesicle involvement and/or very high PSA), we elected to focus on a pre-defined subset of patients with clinically localized presentations and low-to intermediate-risk pathologic findings, more reflective of contemporary prostate cancer presentation [19] . Additionally, by excluding patients who received pre-or post-RP treatment and maintaining long duration of follow-up, we sought to describe the natural history of patients who may be at risk for harboring residual nodal disease, to determine whether the increased LN yield would be associated with differences in PSA relapse.
With respect to limitations of detection, several studies have demonstrated that extended LND demonstrates superior ability to detect LN involvement as compared with limited LN sampling [6, 7, 20] . However, even when extended LND is performed, the false negative rate may exceed 10%, and the impact on disease control and survival outcomes remains uncertain [11, 12, 20, 21] . As an example, in a recent series evaluating sentinel lymph node scintigraphy, an estimated 13% of LN metastases would have been undetected by extended LND [22] . This discrepancy appears primarily related to variant lymphatic drainage (e.g., rectal); however, the clinical impact of these remains to be determined. A further limitation in detection is the insensitivity of standard hematoxylin and eosin staining to detect clinically significant nodal metastasis. Investigators at the University of Southern California assessed the rate of occult (microscopic) lymph node metastasis, using immunohistochemistry (IHC) in a high-risk subset of patients with pT3N0 disease at RP plus extended LND [23] . With a median of 22 LNs identified per case, 24 of 180 patients (13%) initially diagnosed with pN0 disease were subsequently found to harbor occult tumor cells using cytokeratin antibody-based IHC with PSA IHC confirmation. In reviewing cancer control and survival outcomes, patients with occult LN metastases demonstrated inferior recurrence-free and overall survivals as compared to those without occult tumor cells. Importantly, the outcomes of patients with occult LN metastases more closely reflected those of patients with overt LN metastasis, suggesting that underdetection of occult LN involvement could have both prognostic and therapeutic implications.
These results raise questions regarding the potential impact of advanced staging imaging techniques and/or less invasive sampling techniques in selectively identifying patients for whom an extended LND may be indicated, in order to minimize potential morbidity (e.g., edema, thrombosis, lymphocele) [3] . Recently, a positron emission tomography (PET) tracer specific to prostate cancer has been developed, by attaching a radioactive gallium isotope ( 68 Ga) to a ligand which binds prostate membrane specific antigen (PSMA). In a Ga-PSMA PET scan demonstrated superior sensitivity and specificity in correctly identifying LN metastases as compared with magnetic resonance imaging (MRI) plus computed tomography (CT) (66% versus 44% and 99% versus 85%, respectively) [24] . In addition, sentinel lymph node techniques are being explored in prostate cancer, and appear to show promise [25, 26] , potentially with selective therapeutic implications [26] .
While retrospective in nature, the present series has several strengths, including size, length of follow-up, and uniformity of management (i.e., elimination of potential confounding variables, such as pre-or post-operative radiation or hormone therapy). While the LN yield in the present study (median, 5) is less than that described in extended LND series (median, [15] [16] [17] [18] [3] , our population appears reflective of national practice patterns (e.g., median 3-6) [13, 14, 18] and compares well with other similarly-designed series [8] , and as a result may be more relevant to contemporary clinical situations.
Conclusions
Within a large population of clinically localized, pT2-3a/pN0 prostate cancer patients with long-term follow-up and absence of confounding treatments before or after RP, higher LN yield was not associated with improvement in bRFS. While specific higher-risk subsets of patients may benefit from extended LND, and several studies have suggested greater detection of nodal burden, the overall impact on cancer control and survival remain uncertain, and must be balanced against the risk of morbidity. Innovative techniques, such as sentinel lymph node dissection and prostate-specific radiotracer-based imaging, may provide opportunities for individualization of diagnostic and therapeutic interventions.
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